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' METHOD AND APPARATUS FOR SUPERGRITICAL , 

^ . PROCESSING , OF MULTII^LE WORI^ 

RELATED Ai^PLICATIONS *' * ' * " ' 

This application claims priority from U.§. ProvisionalTaidrit" ApplicaLtiori No, 

60/163,121 filed on fijovV 2; 1999, "wHibh is incofpofated by reference. ' ' 

FIELD OF THE INVENTION ^'y - "■•'••-'**^ • - " : 

This invention relates to the fieid of supercritical processing, fs/lore particularly, this 
invention relates to the field of supercritical processirig where multiple workpieces are 
processed simultaneously. • - . * f *, 

BACKGROUND OF THE INVENTION 

Semiconductor fabrication uses photoresist in ion implantation, etching, and other 
processing steps. In the ion implantation steps, the photoresist rriasks areas of a " ' * 
semiconductor substrate that are riot implaiited with a dopant. In the etching steps; the'' • ' 
photoresist masks areas of the semiconductor substrate that are not etclied. 'Examples of the 
other processing steps include using the photoresist as a blanket protective coating'of a ' 
processed wafer or the blanket protective coatiri^ of i'MEMS (micro electrb-mechanical ' 
system) device. Following the ion implantation sVepsVthe photoresist'exhib'its a hard oufer 
crust covering a jelly-like core. The hard outer crust leads to difficulties ih'a photoresist 
removal. Following the etching steps, remaining photdresist exhibits a hardened character 
that leads to difficulties in the phoWesist fehiovaK Following the etching steps; residue 
(photoresist residue mixed with etch residue) coats sidewalls of etch features. Depending on 
a type of etching step and material etched, the photoresist residue mixed with the etch residue 
presents a challenging removal problem since the photoresist residue rriixed with the etch 
residue often strongly bond to the sidewalls of the etch'fe^atures. . . 

Typically, in the prior art, the photoresist' and' the residue are removed by plasma' 
ashing in an O2 plasma followed by cleaning in a wet-cleah bath. A semiconductor etching 
and metallization process'of the prior art is illustrated in block diagram format in FIG. 1 The 
semiconductor etching and metallization process 1 0 includes a photoresist application step 
12, a photoresist exposure step 14^ a photoresist developrhent step 16, a dielectric etch step 
1 8, an ashing step 20, a wet cleaning step 22, arid a rnetal deposition step 24. iH'the 
photoresist application step 12, the photoresist is applied to a wafer having an exposed oxide 
layer. In the photoresist exposure step 14, tHe photoresist is exposed to light which is 
partially blocked by a mask. 

Depending upon whether the photoresist is a positive or negative photoresist, either 
exposed photoresist or non-exposed photoresist, respectively, is removed in the photoresist 
development step 16 leaving a exposed pattern on the oxide layer. In the dielectric etch' step 
18, the exposed pattern on the oxide layer is etched in ah RIB (reactive ion etch) process 
which etches the exposed pattern into the oxide layer, forming an etched pattern, while also 
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partially etching the photoresist. This produces the residue which coats the sidewalls of the 
etch features while also hardening the photoresist; Iri the ashing step' 20, the plasma 
oxidizes and partially removes the photoresist and the residue. In the wet cleaning step 22, 
remaining photoresist and residue is cleaned in the wet-clean bath. 

In the metal deposition step 24, a metal layer is deposited on the wafer filling the 
etched pattern and also covering non-etched regions. In subsequent processing, at least part 
of the metal covering the non-etched regions is removed in order to form a circuit. 

, Nishikawa et al. in U,S. Patent No. 4,944,837, issued on' Jul. 31, 1990, recite a prior 
art method of removing a resist using liquidized or supercritical gas. A substrate with the 
resist is placed into a pressure vessel, which also contains the liquidized or supercritical gas. 
After a predetermined time lapse, the liquidized or supercritical gas is rapidly expanded, 
which removes the resist. 

Nishikawa et al. teach that supercritical CO. can be used as a developer for 
photoresist. A substrate v/ith a photoresist layer is exposed in a pattern to light, thus forming 
a latent image. The substrate with the photoresist, and the latent image is placed in a 
, supercritical CO, bath for 30 minutes.. The supercritical CO, is then condensed leaving the 
pattern of the photoresist. Nishikawa et al, further teach that 0.5 % by weight of methyl 
isobutyl.He.tQne (IvIIBK) can be added tp^the. supercritical CO2, which increases an 
effectiyeness, of, the. supercritical CO2 and, tjius, reduces a development time from the 30 : 
minutes.p ^5, minutes. , 

Nishikawa et al.. also teach that a photoresist can be removed using the supercritical 
CO2 and J % by weight of the MIBK,. The substrate with the photoresist is placed in the 
supercritical CO. and the MIBK for 30-45 minutes. Upon condensing the supercritical CO., 
the photoresist has been rernoyecj. . 

The methods taught by Nishikawa et al. are inappropriate for a semiconductor 
fabrication line for a number of reasons, Rapidly expanding a liquidized or supercritical gas 
to remove a photoresist .frorn,^ substrate creates a potential for breakage of the substrate. A 
photoresist development process which takes 30 minutes is too inefficient. A photoresist 
development or removal process which uses MIBK is not preferred because MIBK is toxic 
and because MIBK is used only when a more suitable choice is unavailable. 

Smith, Jr. et al. in U.S. Patent No. 5,377,705, issued on Jan. 3, 1995, teach a system 
for cleaning contaminants from a workpiece. . The contaminants include organic, particulate, 
and ionic contaminants. The system .includes a pressurizable cleaning vessel, a liquid CO2 
storage container, a pump, a solyent delivery system, a separator, a condenser, and various 
valves. The pump transfers CO2 gas and solvent to the cleaning vessel and pressurizes the 
CO2 gas to supercritical CO2. The supercritical CO, and the solvent remove the contaminants 
from the workpiece. A valve allows some of the supercritical CO2 and the solvent to bleed 
from the cleaning vessel while the pump replenishes the supercritical CO2 and the solvent. 
The separator separates the solvent from the supercritical CO2. The condenser condenses the 
CO2 to liquid CO2 so that the liquid CO2 storage container can be replenished. 
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Employing a system such as taught by Smith,. Jr. et al. for removing, photoresi^st ancl 
residue presents a number of difficulties. ^Thp presssurizable.cleaning vessel is not. configured 
appropriately for semiconductor substrate handling. It is inefficient to blepd.th^ supercritical 
CO2 and the solvent during cleaning. TSuch:a system is not readily adaptable to tl?roughput 
requirements of a semiconductor fabrication line. Such a system is not conducive ^to safe 
semiconductor substrate handling, vyhic^ is, crucial in 3. semiconductor fabrication line. Such 
a system is not economical for semiconductor substrate processing. , . . . 

. : ..What is needed is a.method QfdevejQping. photoresist using supercritical carbon 
dioxide appropriate for a semiconductor fabrication line. ^ . 

: What is needed is a method of removing photoresist using supercritical carbon dioxide 
appropriate for a semiconductor fabrication line. 

What is needed is a supercritical processing system which is configured for handling 
semiconductor substrates. 

- What is needed is a supercritical processing systern. in which supercritical COi and 
solvent are not necessarily bled from a processing chamber in order to create a fluid flow, 
within the processing chamber. 

What is needed is a supercritical processing sysfem which meets, thrQughput 
requirements of a semiconductor fabrication line, , , , ^i, . 

What is needed is a supercritical processing ^sy stem which provides safe . , 
semiconductor substrate handling. , .■■y-.otir-vi ; ' < m ^v-,. . 

. What is needed is, a supercritiqal processing. systeni which proyicies .e.conomical , 
semiconductor substrate. processing. . : / ; . , , . . , , . 

SUMMARY OF THE INVENTION , . _ 

. 'The present invention, is an. apparatus for supercritical processing of multiple 
workpieces. The apparatus jncludes a transfer,mpdule, first and second supercritical^ 

.processing modules, and a robot. The transfer! niqdule includes an.entrance. The first and 
second 'Supercritical processing modulesiare coupled to the.transfer module. The robot is 
preferably located within the^transfer module. .In-pperation, the robot transfers a first 

uworkpiece from the. entrance Q^the transfer module to, the first supercritical prqcessiijig 
module. The robot then transfers a second workpiece from the, entrance to the second 5. 
supercritical processing module. After; the workpieces have been processed, the ^robot returns 
the first and second workpieces to the entrance of the transfer mociule. Alternatively,, the 
apparatus includes additional supercritical processing modules cpupled to. the^ transfer 
module. - ... , > i . . . ^ . . • , . , 

BRIEF DESCRIPTION OF THE DRAWINGS . , , ^ . 

FIG. 1 illustrates, in block diagram .format, a process flow for a semiconductor etching 
and metallization process of the prior art. . 

FIG. 2 illustrates, in block diagram format, a process flow for a semiconductor etching 
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arid metallization process of the present invention. ' " ' 

' ' FIG: 3 illustrates, in block diagram format, a supercritical removal process of the 
present iriveritibfi/ ' ' - ■ " ■ ' . • f^-. 

' ' ' FIG. 4 illustrates the preferred supercritical processirig system of the present 
invention. ^ '* ' ' ' * . , • ■ * . . • 

■ FIG.' '5 illustrates the 'preferred^ 'supercritical' prbcessing' tnodule o f the present 
invention. . r . ^ ■ . i ^ . ^ . 

FIG. 6 illustrates a first alternative supercritical processing system of the present 
invention. * - 

* ' '* FIG. 7 illustrates a second alternative supercritical processing system of the present 
invention. : . . \ . 

* ■ ' FIG. 8 illustrates a third alternative supercritical processing system of the present 
invention. * . .. 

FIG. 9 illustrates a fourth alternative supercritical processing system of the present 
invention. • ^ 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT - • ^ 

A semiconductor etch and metallization process of the present invention is illustrated, 
as a block diagram, iri FIG/2! The semicoh'ductor etch and metallization process 30 includes 
a photoresist application step 32, a photoresist exposure step 34; a photoresist development 
step 36; a dielectric etch step'38, a supbrcrilicar removal process 40, and a metal deposition 
step 42. In the photoresist application step 32, the photoresist is applied to a wafer having an 
exposed oxide layer. In the photoresist exposure step 34, the photoresist is exposed to light 
which is partially blocked by a mask. . ' . 

Depending upon' whe'ther the phot6fesist is a positive^or negative photoresist, either 
exposed photoresist or non-^exposed phbtoresist^' respectively, is removed in the photoresist 
development step*36 leaving a expbscid pattern 'on the oxide layer. In the dielectric etch step 
38, the exposed patteni on the 6)cide layer'is preferably etched in an 'RIE (reactiVe ion etch) 
process which etches the exposed- pattSrh* into theoxide layer while also partially etching the 
photoresist. 'This produces the fesiduS' Which coats the sidewalls c^f the^etch features while 
also hardening the photoresist. ' ' - ? ^ > - 

^* In the supercritical removal process 40; sujydfcritical carbon dioxide and a solvent are 
used'to remove the phbtoresist'and the residue!' In iht metal deposition step 424^a metallayer 
is deposited -on the wafer filiihg the etched pattern and alsoicovering non-etched regions. In 
subsequent processing, at least part of the metal covering the non-etched regions is removed 
in order to form a circuit. 

The supercritical removal process 40 of the present invention is illustrated, as a block 
•diagram, in FIG. 3. The supercritical removal process 40 begins by placing the wafer, with 
the photoresist and the residue on the wafer, within a pressure chamber and sealing the 
pressure chamber iri a first process step 52. In a second process step 54, the pressure chamber 
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is pressurized with carbon dioxide ufitil the 'caffion'dioxide becomesithe supercritical carbon 
dioxide' (SCCO.). In a third process' step '56; the supercritical carbon dioxide carries :a solvent 
into the process chamber. Iri a fourth process step' 58, thfe supercritical, carbon dioxide andUhe 
solvent are maintaihed'ih contact w^ith'the Svafer until the photoresist and the residue, are 
removed from the wafen iri' the fourth process Step 38, -the solvent at-leasbpartially dissolves 
the photoresist arid the residue. In a fifth process step^6i[3vthe?pressure chamber is partially 
exhausted. In a sixth process step 62, the wafer is rinsed. In a seventh. process step 64, the 
supercritical renioval process 40' ends bV-depressuriting the pressure chamber and removing 
the wafer. ''' ' • = ■ i ■ • • -r^ • : ...... 

The supercritical- rembval process 40 is preferably implemented in a semiconductor 
fabrication line by the preferred supercritical processing system of the present ^invention, 
which" is illustrated in FIG. 4. The preferred supercritical processing system 70 includes a 
transfer module 72, first through fifth supercritical processing modules, 74-78, . a robot 80, 
and control electronics 82. The transfer module includes first .through fifth process ports, 84- 
88, and a transfer module entrance 90. The tranisfer module entrance 90 includes first and 
second hand-off stations, 92 and 94, and first 'and second entrance ports, 96 and 98. . . 
• The ffrst through fifth supercritical processing' modules, 74^78, are coupled, to the 

transfer module 72 via the first through fifth process ports, 84-88, respectively. .Preferably, 
the robot 80 is coupled to the transfer module 72: at^ a centerof the transfer module 72. Jhe 
first and second hand-off stations, 92 and 94, are coupled to the transfer module via the first 
and second entrance ports, 96 and 98; -respectivelyi "The control electronics 82. are coupled to 
the transfer module 72, • ' * ' ; < ' 

Preferably, the transfer module'72 operates at atrhospheric pressure. ' Alternatively, 
the transfer module 72' opetates at a slight' positiv^ pressure ^relative to ^aisurroundin'g , 
environment where the slight positive pressure is produced byt^n inert gas injection 
arrangement. The inert gas injection arrangernent injects an'inert gas, such as Ar, GO2, or N., 
into the transfer module 72. This assures a cleaner processing environment within the 
transfer'rhbdule 72.' " 

The robot 80 pi-eferably includes a robot base 100, a robot arm 102, and an end 
effector 104. The robot base is cbupled to the transfet module 72. The robot arm 1-02 is 
preferably a two piece robot ami, which cbuples the end effector 104 to the robot base 100. 
The end effector 104 is configured to pick and place workpieces. Preferably, the end effector 
104 is configured to pick and place the wafef; • Alterrlatively', the end effector 104 is 
configured to pick and place a puck or other substrate. Alternatively, a dual arm robot 
^ replaces the robot 80, where thd dual a:rm robot includes two^ arms'and two end effectors. 

The first through fifth supercritical processing modules, 74-^78, preferably include first 
through fifth gate valves, 106-1 lO; respectively. The first through fifth gate valves, 106-1 10, 
couple Tirst through fifth workpiece cavities, 1 12-116, of the first through fifth supercritical 
processing modules, 74-78, respectively, to the first through fifth process ports, 84-88. 

Preferably, in operation', the robot 80 transfers a first workpiece 1 1 8 from the first 
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hand-off Station 92 to the first supercritical processing module 74, where the supercritical 
removal process 40 is performed. ; Subsequently,- the robot 80 transfers a second workpiece 
120 from the first hand-oflstation 92 to the second supercritical processing module 75, where 
the supercritical removal process 40 is performed. Further, the robot 80 transfers third 
through fifth workpieces (not shown). from the first hand-off station 92 to the third through 
fifth supercriticaLprocessing|moduIes,'76-78, respectively, where the supercritical removal 
process 40 is perforrried. . . r -: .. . • , . . .. 

In subsequent operation, the, robot 80 transfers the first workpiece from the first 
supercritical processing module 74 to the second hand-off station 94. Further, the robot 80 
transfers the second workpiece from the second supercritical processing module 75 to the 
second hand-off station 94. Moreover, the robot 80 transfers, the third through fifth . 
workpieces from the third. through fifth supercritical processing modules, 76-78, respectively, 
to the second hand-off station 94. ! 

Preferably^ the first workpiece 1 1 8, the second wafer 120, and the third through fifth 
workpieces are wafers. Preferably, the wafers are in a first cassette at the first hand-off 
station 92 prior to supercritical processing. Preferably, the wafers are placed by the robot 80 
in a second cassette at the second handrpff station .94 following the supercritical processing. 
- Ahematively, the wafers begin and .end in the. first cassette at the first hand-off station 92 
along while a second, group;ofiwaferS;beginS:an,d ends in the second cassette at the second 
-hand-off station 94;: .. i< ^ un;;::/ . . h . - ' . . . 

lUwill be readily apparent . to one skilled in the art that the second hand^off station 94 
can be eliminated or that additional hand-off stations can be added to the preferred 
supercritical processing system 70.. F.urther, j.t \vill be readily apparent to one skilled in the art 
that the preferred supercritical processing system .70 can be configured with less than the first 
through :fifth supercritical:proeessing .n;iodules, 74-78, or more than, the first through fifth 
supercritical processing,modules, 74-78.^ Moreover, it will be readily apparent to one skilled 
in the art that the robot 80 can be replaced by a transfer mechanism which is.configured to 
transfer the first workpiece 118, the second workpiece 120, and the third through fifth . 
workpieces. Additionally, it v^ill be readily, apparent to one skilled in the ^ that the first and 
second cassettes can be front, (Opening unified pods which employ a.standard mechanical 
' interface concept so that the vvafers can be maintained in a clean.enyironm?nt separate from 
the surrounding environment,; ; / : .r? .; - h ' ; • j 

The first: supercritical processing rnpdule 74 of the present invention is.illustrated in 
FIG/ 5.> The first, supercritical. processing module 74 includes a carbon dipxicje supply vessel 
-132- a carbon dioxide pump 134,. the pressure chamber, 136, a chemical supply vessel 138, a 
circulation pump 140, and an .exhaust gas collection vessel 1 44. . The carbon dioxide supply 
. vessel 132 is coupled to the.pressure chamber. 136 via the carbon dioxide pump 134 and 
carbon dioxide piping 146. The carbon dioxide piping 14.6 includes a carbon dioxide heater 
148 located between the carbon dioxide pump 1 34 and the pressure chamber 136. The 
: pressure chamber 136 includes a pressure chamber heater 150. The circulation pump 140 is 

-6- 



wo Oi/33615 



PCtyiJSOO/41787 



located on a circulation ^Ime 152, which co^uples' to' the pressure chamber* 136 Kt a circulation 
inlet 154 and at a circulation outlet 156'. The' chemical supply vessel ! 38 is'cbupled'to the. 
circulation line 152 via a chemical sup>ply line' 158Vwriich* ihcMde^^ firit injection pump 159. 
A rinse agent supply' vessel 160 is coupVed to the circulatibW line 152 viia a rinse supply line 
162, which' includes a sbcbhd injection pump'i63. The'exHaust gais cdllectibn vessel 144 is 
coupled to the pressure chamber 136 via exhaust gds'piping 164, ' " ? ' * 

' Th6 carbon dioxide supply veissel 132, \hd carbon dioxide pump 134, and the cart>on 
dioxide heatfer MSTbrrri a'carbon did'xide supply itfangemeht 149. The chemical supply 
vessel 138, the first injection pump 159, the rinse agent supply vessel 160, and-the second 
injection piimp 163 form a chemical and rinse agent supply arrangement 165 /'Preferably, the 
carbon dioxide supply arrangement 149, the chemical and rinse agent supply arrangement 
165, and the exhaust gas collection vessel 144 service the second through fifth supercritical 
processing modules, 75-78, (FIG! 3) as well as the first supercritical' processing module 74. 
In other words, preferably, the first supercritical processing module 74 includes the carbon 
dioxide supply arrangement 149, the chemical and rinse agertt supply ariangement 165, and 
the exhaust gas collection vessel 144 while the second through fifth supercritical processing 
modules, 75-78rshare tHe'carbon dioxide supply arrangement 149; the chemical and rinse 
agent supply arrangement 165, and tb(^ exhatist gas collection Vessel 144 of the first ' 
supercritical processing module 74. ^ ' ' • ' 

It will be readily apparent to one skilled 'iri'the aft that one or more additional carbon 
dioxide supply arrangements,* one or mdi-e additional chemical and' rinse agent supply ' ' 
arrangements, or one or more additional exhaust gas cbllefctioh vessels can be provided to 
service the second through fifth* supefbritidal processing rnodules,'75-7'8. ' Further, it will be 
readily apparent to one skilled in the art that the first' supercritical processing module 74 
includes val'ving,' control electronics, 'filters,' and utility hookups which are typical of ' 
supercritical fluid processing systems. Moreover, h will be readily apparent 'to one skilled in 
the art that additional chemical supply vessels could be boupled to the first injection pump 
159 or that the^additiohal chemical supply vessels and a'dditional injection pump^ could be 
coupled to the circulation line 152. " 

Referring to FIGS. 3,' 4, and 5, implementation of the supercritical removal method 40 
begins with the first process step 52', in which the wafer,* having the photoresist of the residue 
(or both the photoresist and the residue) is inserted through the first protess port idnd placed in 
the first wafer'cavity 1 12 of the pressure' chamber 136 the'robot 80 and, then,' the pressure 
chamber 136 is "sealed by closing the gate valve 106'. In the s6cohti pfobess step 54,' the 
pressure chamber 136 is pressurized by the carbon dioxide pump 134 with* the carbon dioxide 
from the carbon dioxide supply vessel 132. During the second step 54, the carbon dioxide is 
heated by the carbon dioxide heater 148 while the pressure chamber 136 is heated by the 
pressure chainber heater 150 to ensure that a temperature of the carbon dioxide in the pressure 
chamber 136 is above a critical temperature. The critical temperature for the carbon (dioxide 
is 31 °C. Preferably, the temperature of the carbon dioxide in the pressure chamber 136 is 
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within a range of 45 °C to .75 °C. Alternativelx, the temperature of the carbon dioxide in the 
pressure chamber 136 is maintained within ,,a range of from 31 "^C to about 100 °C. , ^ . 

. , Upon reaching initial supercritical cpnditions, the first injection pump 1 59 pumps the 
solvent from the chemical supply^ vessel 13?-into the pressure chamber 136 via the circulation 
hne. 152. while, the carbon dioxide.pump further pressurizes the supercritical carbon dioxide in 
the third process step 56. At, a b.egifining ofa solvent injection,, the pressure in the pressure 
.chamber 136 is about.l ,10p-J^,2P0 psi, .Qnce a desired amo.unt ofthe solvent has been 
pumped into the pressure charnber. 13.6, and desired.supQrcritical conditions are rea^^ the 
carbon dioxide pump 134 stops pressurizing the pressure, chamber 136, the first injection 
pump 159 stops purnpingthe solvent into. the pressure chamber 136, and the circulation pump 
140 begins circulating.the supercritical carbon dioxide and the solvent in the fourth process 
,step 58. Preferably, the pressure at.this point is about 2,700-2,800 psi. By circulating the 
supercritical carbon dioxide and the solvent, the supercritical carbon dioxide maintains the 
.solvent in contact with the wafer. Additionally, by circulating the supercritical carboy 
dioxide ajid the solyent, a, fluid flow pnhances removal pf the photoresist and the residue from 
, the. wafer..,. , , . . 

, Preferably, the \yafer is held. stationary. in the prespre chamber 136 during the fourth 
process step 58. Alternatively, the wafer is spun within, the pressure chamber 136 during the 
fourth process step 58. 

: After;the.pl?otoresist and the.residue has.be^n removed from: the wafer, the pressure 
chamber .13,6 is partially depressurized by exhausting .some, of the supercritical carbon 
dioxide, the splyent, removed photoresist, anc^ rempyed residue to the exhaust gas collection 
y:essel;144 in order to return.conditipns in. Jhe pressure chamber 13i5 to near the initial 
sijipercritical conditions in the fifth process step.60. Preferabl)^, the.pressure within the . 
pressure chamber 136 is cycled at .least, once at this point by raising the pressure and then 
again partially exhausting the.pressure chanib.er 136. This enhances a cleanliness within the 
.pressure chamber 136.^ In the. fifth process step 60, the^pressure chamber is preferably , 
maintained above the critical temperature and above a criticaj.pressure. The critjcal pressure 
for carbon dioxide is 1,070 psi. . . - . 

In the sixth process step 62, th? secpnd injection pump 163.pumps a rinse agent from 
the rinse agent supply, vessel 160. into the pressure^chamber 136 via the circulation line while 
. the carbon dioxide^punip 134 pressuri?e^,the pressure chamber 136 to near the desired 
supercritical conditions. and,, then^ the^circulatipn p^rnp 140 circulates the supercritical carbon 
dioxide and the rinse :agent jn .prder to rinse ,the wafer,. Preferably, the rinse £^gent is selected 
from. the .grpiip consisting pf w^ter, alcohol, acetone, and a mixture thereof. More preferably, . 
the rinse agent is the mixture pf the alcohol and the water. Preferably, the alcohol. is selected 
from the group consisting of isopropyl alcohol, ethanpl, and other low molecular weight 
. alcohols. More preferably, the alcohol js selected from the group consisting of the isopropyl 
alcohol and the^ethanol. Most preferably, the alcohol is the ethanol. 

Preferably, the wafer is held stationary in the pressure chamber 136 during the sixth 

-8- 



wo 01/33615 



PCT/USOO/41787 



process step 62! Alternatively, the wafer is' spto within' th6 pressure chamber' 1 36 during the 
sixth process step 62. *. - i . r 

In the seventh process step '64; the pressure chambfer 136 is depr6ssurized, by 
exhau^ting'the pressurV "chamber 136' to thWexhaust gas cbllectiori vessel 144^ the gate valve 
5 1 06 is opened, ah'd the wafer is removed 'frohi the pressure chamber 136 by the robot .80i.\- 
Aliernative supercritical 'removal processes of the {Di'esent iriveritibn"' are taught ini the 
following pateiif applid^tionsVall of which 'are^ ihcbrporated in -their entirety by reference: 
U.S. Patent Application (Attorney Docket No. SSI-00103), filed on Oct; 25^ 2000; U.S. 
Patent Application No: 09/389;788v filed on Sep: 3; 1999; U.S. Patent Application No. 
10 09/085,391, filed on May 27, 1998; arid U.S. Provisional Patent Application No. 60/047,739, > 
filed May 27, 1997. '* **■ ' " ' ' -.-^ • ' i- ' 

A first alternative supercritical processing system of the present invention is 
illustrated in FIG. 6.' The first alternative supercritical processing system 170 adds first 
through fifth ante-chambers, 1 72-1 76;-and first through fifth ante-chatnber robots, 178-182, to 
1 5 the preferred supercritical processing system 70. In operation, the first through fifth ar.te- 

chambers, 172-176, operate from about atmospheric pressure to iso me elevated pressure. This 
allows the 'fiVst through fifth wafer cavities, '1 12-16; to operate between the elevated pressure 
and supercritical pressure and, thus, enhancing throughput.- Alternatively, inUhe first » ; 
alternative supercritical processing system T 70, the first through fifth- ahte-dhamber robots, 
20 178-182, are replaced with first through fifth hiagridticaily coiipied mechanisms- 6ii first. 

through fifth hydra'uli'cally driven mechanisrn^,'6r first through fifth pneumatically driven 
mechanisms. " ' w * . ; ' . > = 

A second alternative supercritical processing system of the present invention of the 
present invention is illustrated in FIG. 7. The second alterriattve supercriticarprocessing 
25 system 190 replaces the first and second hand-off siation^; 92'and 94, of the preferred 
supercritical processing system 70'with first arid second loadlocks,' 192 and 194. In • 
operation, the transfer module operates at k second elevMed pressure and, thus,^ also enhances 
the throughput. - .i.f-. ;: . ' ; * 

A third alternative supercritical processing system of the present invention of the 
30 ' present invention is iliiistrated in FIG. 8. The third alternative supercritical procesising system 
200 comprises an alternative transfer module 202 arid' aerobe t track 204. 

A fourth alternative supercrititd processiri'g 'systiem of the present invention is 
illustrated in Fid. 9. The fourth altiemative' suipWcritical processing sys^^ 210 preferably 
replaces the third supercritical processing module 76 of the preferred supercritical processing 
35 system 70 with a third hand-off station 212 arid adds a 'secoiid transfer module 214, a second 
robot 216, and additional supercritical processing modules 218. In the fourth alternative 
supercritical processing systerii 210, the third hand-off station 212 coiiples the transfer 
module 72 to the second transfer module 214. The second robot 216 preferably resides in the 
second transfer module 214. The additiorial supercritical processing modules*21 8 are coupled 
40 to the second transfer module '21 4. Thus, the fourth alternative supercritical processing 
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system 210 allows for more supercritical prqcessing modules than the preferred supercritical 
processing system 70. . 

A fifth alternative supercritical processing system of the present invention eliminates 
the transfer rnddule 72 of the preferred supercritical processing, system ,70. In the fifth 
5 alternative. supercritical processijig .system, the robot 80 is configured to move v^orkpieces 
between the first and second. hand-off stations,, 92, and 94, , and the first through fifth 
supercritical processing modules, .74-78, without benefitting fi-om a coyering effect provided 
by the transfer module 72. ^ ; - * '; ':t<. |- ^ 

A sixth alternative supercritical processing system^^of the present invention adds an^ 
10 inspection station to the preferred supercritical processing system 70.. In the sixth alternative 
supercritical processing system, the first workpiece 1 18, the second workpiece 120, and the 
third through fifth workpieces are transferred to the inspection station prior to bping 
transferred'to the second hand-off station 94. At the inspection station, an inspection of the 
. workpieces ensures that the photoresist, and the residue have been removed firom. the 
1 5 workpieces. Preferably, the inspection station uses spectroscopy to inspect the workpieces. 

A seventh alternative supercritical processing system of the present invention adds a 
fi-ont-end. robot to the preferred supercritical processing system 70. In the seventh alternative 
supercritical -processing system, the frpnt-,end robot resides outside of the entrance to the .r 
transfer module 72, and the first and sQC9nd:Gassettes are located away from the first and 
20 second hand.off statLons,.92:and 34...T^4on^.end rp^ is preferably configured to moye the 
wafers ft-omithe first cassette. to t^e firgt handnoff sjation 92, and is also preferably configured 
to move the wafers fi-om the second hand-off station 94 to the second cassette. 
: r An eighth alternative supercritipal processing system of the present invention adds a 
wafer orientation mechanism to the preferred supercritical processing system 70. The wafer 
25 orientation mechanism orients thq wafen according to a flat,.a notch, or an other orientation 
indicator. Preferably, the wafer is.oriented^at the first hand-ojf station 92., Alternatively, the 
wafer is oriented at ;th? second t^wd-off station 94. , . . , 

A first alternative supercritical processing module of the present in ventipp replaces 
the pressure chamber 136 and gate. yalve 1Q6 with an alternative pressure chamber. The 
30 • alternative pressure chan;iber comprises a chamber housing and a hydraulicly driven wafer 

platen. The chamber ho.using comprises. a cylindrical. c^^^^^^ at its bottom. The 

hydraulicly driven wafer platep; is. cpnjQgurpd to s<eal,against the. chamber housing outside of 
: the cylindrical cavity. Iaoperatipn,.the.w^afer isp on the hydraulicly driven wafer 
platen. Then; the hydraulicly driven wafer platen moves upward and seals with the chamber 
35 . housing. Once the wafer has b.een processed, the hydraulicly driven wafei; platen is lowered 
and the wafer is taken^away. ... 

A second alternative supercritical processing modiile of the present invention places 
alternative inlets for the circulation line 1 52 to enter the wafer cavity 11 2 at a circumference 
:of the wafer cavity 1 12 and places an alternative outlet at a top center of the wafer cavity 1 12. 
40 The alternative inlets are preferably configured to inject the supercritical carbon dioxide in a 
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plane defined by the wafer cavity 112. Preferably, the alternative inlets are angled with 
respect to a radius of the wafer cavity 1 12 so that in operation the alternative inlets and the 
alternative outlet create a vortex within the wafer cavity 112. 

It will be readily apparent to one skilled in the art that other various modifications 
may be, made to the preferred- era.bodjiment AV and scope of the 

invention as defined by the appended claims. 
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We claim: . . . ^ ■ . i ... . * 

1 ' i ' ' ' An app^atus' for'supercritical' processing of firsthand second workpieces 

2 comprising: : - . . . . :. 

3 a. a transfer module having an entrance; 

4 b. first and second supercritical processing modules coupled to the 

5 transfer module; and 

5 c. a transfer mechanism coupled to the transfer module, the transfer 

7 mechanism configured to move the first workpiece between the entrance and 

8 the first supercritical processing module, the transfer mechanism configured to 

9 move the second workpiece between the entrance and the second supercritical 
1 0 processing module. 

1 2, The apparatus of claim 1 wherein the transfer module operates at about 

2 atmospheric pressure. 

1 3^ The apparatus of claim 1 wherein the transfer module further comprises means 

2 for maintaining a slight positive pressure in the transfer module relative to a 

3 surrounding environment. 

1 4 The apparatus of claim 3 wherein the means for maintaining the slight positive 

2 pressure in the transfer module comprise an inert gas injection arrangement. 

1 5 The apparatus of claim 2 wherein the entrance of the transfer module 

2 comprises a hand-off station. 

1 6. The apparatus of claim 5 wherein the entrance of the transfer module further 

2 comprises an additional hand-off station. 

1 7, The apparatus of claim 1 wherein the transfer module operates at an elevated 

2 pressure and further wherein the entrance of the transfer module comprises a loadlock. 

1 8. The apparatus of claim 7 wherein the entrance of the transfer module ftirther 

2 comprises an additional loadlock. 

I 9 The apparatus of claim 1 wherein the transfer mechanism comprises a robot. 
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1 1 0. t t The apparatus of claim 9 .vMbereiri' the transfer niodulpxomprises. a pircular 

2 configuration. v,. . 

1 11 : : » ... ' . The apparatus pf claim. 1 0 wherein, the robot cornprises, a.central robot, the 

2 central robot ocoupying a centenpf the circular cpnfiguxaU^ , 

1 • \2. ' ■ ' i-rfhe apparatus pf claim; 9 wh 

2 configuration.;. t.. /; y- ... •'.U.r n - . ,1^!.". . • . « 

1 13. The apparatus of claim 12 wherein the robot, comprises a tracked robot, the 

2 tracked robot comprising the robot coupled to a track such that the robot moves along 

3 . , the track in order to reach the first and second. processing. modulct located along the 

4 ; track. - , - : ■ . j- ^ .■•:) 

1 14. The apparatus of claim 13 further comprising third. apid fourth supercritical 

2 processing modules, the third and fourth supercritical processing modules located 

3 1 , along the track, the third and fourth supercritical processing rnodules located opposite 

4 the first and second supercritical processing modules relatiye.to th^.track. 

1 ; f 1 5. : ; The apparatus of claim i9 wherein ther robot 9pmprisf!S an extendable arm and 

2 an end effector. ? m. ^ . /• : 

1 16.i; . ;: .The apparatus of claim 15 wherein the robot ^ 

2 - ^ann and an additional. end.effector. , . , ^ . . , , , ... 

1 17. The apparatus of claim -1 wherein the fi.rst. supercritical prgcessing module 

2 comprises a first pressure vessel and further wherein the second supercritical 

3 . processing module, comprises a. second pressure vessel. 

1 .18:. ; ■ The apparatus, of claim 17, ^\'herein: , ^ . , 

2 a. the first pressure vessel comprises a first workpiece cavity and a first 

3 : : • pressure vessel entrance, the first wojkpiece cayity holding the first 

4 . . : . diiring supercritical processing, . the first pressure. vessel entra^^ 

5 ^ingress and egress for the first workpiece; and . : - . ^ 

6 b. . , the second pressure vessel comprises a second \yorkpiece cavity and a 

7 second pressure vessel entrance, the second workpiece cavity holding the 

8 second workpiece during the supercritical processing, the second pressure 

9 vessel entrance providing ingress and egress for the first workpiece. 

1 19. The apparatus of claim 18 wherein the transfer mechanism is configured to 
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2 ' ' ' place the first ahd second workpieces in Ihe first and second workpiece cavities, 

3 respectively. ' 

1 20; The' apparatus of claim 19^ wherein the transfer module and the supercritical 

2 processing module are -configured to opefate-at supercritical conditions. . 

1 21 . The apparatus of tliirn 19" further comprising first and- second gate valveis, the 

2 first gate valve coupling the transfer module and the first supercritical processing 

3 module, the second gate valve coupling the transfer module and the second 

4 supercriticarprocessing module. ' i . . . ... : 

1 22. The apparatus of claim 18 further comprising first and second ante-chambers, 

2 the first ante-chamber coupling the transfer module and the first supercritical 

3 processing module, the second ante-chamber coupling the transfer module and the 

4 - ' secibrid supercritical processing module. ^ 

1 '"' 23/ * * The apparatus of claim'l further comprising means for pressurizing the first 

2 and second supercritical processing modules. • . 

1 24. ' ' * THe'api>ai"atusofclaini 23'w^^ 

2 pressurizing configuration which comprises a CO2 supply vessel coupled to a pump 

3 which is coupled to the first and second supercritical processing modules such that the 

4 ' ' CO2 pfessarizing'corifigiiration pressiirizes the first supercritical processing modiile 

5 independently of the second supercritical processing module and further such that the 

6 CO2 pressurizing configuration pressurizes the second supercritical processing module 

7 ' ' ' independently of the first supercritical processing- module. : « i 

1 25. The apparatus of claim 18 further comprising first and second means for 

2 sealing, the first means for sealing operable to seal the first pressure vessel entrance, 

3 the second means for sealing operable to seal the second pressure vessel entrance. 

1 " 26. ' ' The aippai-atu's- of claihi'M farther com 

2 ' the means for controlling Birect's *the transfer mechanism 'to move the first and second 

3 workpieces between the entrance of the transfer moduleiand* the :first and second 

4 ^ - - • supercritical processing modules, respectively, and further such that the means for 

5 * * - * controlling controls the first supercritical processing module, independently of the 

6 ' ' second supercritical processing-module. - • 

1 27. A method of supercritical processing first and second workpieces comprising 

2 - " 'the steps of: ' . \ ■ ^ ■ i . ; . ' . . ^. 
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3 a. ■ ' transferring the first workpiece from an entranqe of a. transfer module 

4 to^a first supercritical processing module; ; ^ 

5 ' . ' ' . transfening the second tworkpieGe;firon:ii the entrance of the transfer 

6 module to a second supercritical processing module;^ ^ ^ 

7 ; \.c. < - • : i jirocessing the first and second \yQrk;pie.Ges in.the first and second 

8 ' ' ' ' ! supercritical processing modules, respectively;',./ • ; - M 

9 d. itransferring the firi5tjworkpie.c,eifr^^ 

10 ' • module loathe entrance. of. the transfer module; and , . . 

11 • 1 e. transferring theisecond, workpiece fi-cm the second: supercritical 

1 2 processing module to the entrance of the:,t^^nsfer module. 

1 28. The method of claim 27 whereiUithe entrance. of thejrjmsfer module comprises 

2 a hand-off station. i 

1 29. ' The= method of. claim 28 wherein the entrance of-the tran^fe^ module further 

2 - comprises an additional hand-off station. 

. ' • ■ , . ■ ' ■ . i I , i i . 

1 30. " An apparatus for supercritical processing first and second 

2 comprising: o :.^t -.-^ y vi-]r:.:..>^ - ; • -^r- \ ( :> i,.,, . 

3 : a. means for transferring the; j5rst and second vy^orkpieces; 

4 b. : first means for supercritical processing configured such that in 

5 operation the means for transferring transfers the first workpiece between an 

6 - . / . entrance of a transfer module to the f^rst^means for supercritical processing 

7 , . • and further such that in operatipn.tb.e first :rnea^^^^ 

8 : I / processes the .first workpiece; and: ; ;^ : ;; 

9 c. second means for supercritical processing configured such that in 

10 operation the means for transferring transfers the second workpiece between 

11 ' ^ the entrance of the; transfer module to the second meaps for supercritical ; 

12 processing and further such that in operation the second means for 

13 supercritical processing processes the.secpnd workpiece. 

1 31. An apparatus for supercritical processing comprising:, . 

2 - a. . a transfer module having an entrance; r 

3 ' b: . . , an inert gas injection arrangement coupled ;to the transfer module such 

4 .that in operation the inert gas injection arrangement .maintains a slight positive; 

5 pressure in the transfer module relative to a surrounding environment; 

6 c. a first ante-chamber coupled to the transfer module; 

7 d. a first supercritical processing module coupled to the first ante- 

8 chamber; 

9 e. first means for moving a first semiconductor substrate between the first 
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10 * ' • ante-chamber and the first-supercriticaLproGessing module; 

11 f. a second ante-chamber coupled to the transfer module; 

12 ■ ' g. ' a second supercritical processing module coupled to the second ante- 

13 chamber; ' " '- ' - : • /■..) - : 

14 ' h* second means for moving a second semiconductor substrate between 

1 5 the second ante-chamber and the second supercritical processing module; and 

16 - i/ a transfer mechanism coupled to the transfer module such that in 

1 7 operation the transfer mechanism' transfers :the first .and second semiconductor 

18 ' ■ - substrates between the first and second ante-chambers, respectively, and the 

19 entrance of the transfer module. ' ^ . ' - 

1 ' 32. ' • ' Ail apparatuis for supercritical processing comprising: 

2 a, a transfer module having an entrance; . - - 

3 b. an inert gas injection arrangement coupled to the transfer module such 

4 ' ' that in operation the inert gas injection arrangement maintains a slight positive 

5 pressure in the transfer module relative to a surrounding environment; 

6 c. a first supercritical processing module coupled to the transfer module, 

7 ^ - ^ the first supercritical processing module; including first means for sealing the 

8 first supercritical processing module; 

9 d. a second supercritrGal processing module coupled to the transfer 

10 : : . module, the second supercritical processing module including second means 

11 * • ' • ' for seaUng the second supercritical processing module; and 

12 *"e. * ' Vtrahsfeif mechanism coupled to the transfer module such that in 

13 ' ' f operation the transfer fndchanismitransfersifi^^ 

1 4 substrates between the first and second supercritical processing modules, 

15 ^ ^ respectively*, and the entrance of the -transfer .module. 

1 33. * An apparatus for supercritical processing of first and second workpieces 

2 c6mprising: • < j^ii r-iiM ... . . ^- - • . r^.r. 

3 a. a hand-ioff station; : - ^ • . \ • 

4 b. first and second supercritical processing modules coupled to the hand- 

5 oflf station; and ' ^ it, ; ■ : - 

6 c. a transfer-mechanism coupled to the hand-foff station, the transfer 

7 - mechanism .coupled to the first and second supercritical processing modules, 

8 • ■ . ^ . . • . the' transfer mechanism configured: to move the first workpiece between the 

9 . ' . r hand-off station and the first supercritical processing module, the transfer 

10 mechanism configured -to move the second workpiece between the hand-off 

11 ' ' statioh and the second supercritical processing module. 
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